ABSTRACT -Methylmercury (MeHg) is an environmental pollutant known to cause neurobehavio ral defects, and it is especially toxic to the developing brain. In contrast to the adult, the developing brain consists of a large number of dividing neural progenitor cells (NPCs), which are vulnerable targets for MeHg toxicity. In a previous study, we showed that the embryonic NPCs from the telencephalon are more sensitive to MeHg than other neural cells. Here, we investigated the mechanism of cell death underlying tally relevant levels of MeHg exposure induce apoptosis in NPCs.
INTRODUCTION
Epidemiological surveys and clinical reports have steadily revealed that exposure to chemicals, such as methylmercury (MeHg), polychlorinated biphenyls (PCBs), alcohol, and tobacco smoke, during development might be associated with lasting neurological effects, such order (ADHD) (Linnet et al., 2003; Moore et al., 2000; Stromland et al., 1994; Rogan et al., 1988; Thapar et al., 2003; Yolton et al., 2005) . MeHg is currently a concern not only because of its devastating effects on the develop ing brain observed in the outbreaks of poisoning in Japan (Minamata), Iraq, and Peru, but also because of its effects in people who are chronically exposed to low levels of MeHg through diet (Philip et al., 2004) . Previously, our group and others showed that immature neural progenitor cells (NPCs) in culture are particularly sensitive to MeHg toxicity (Tamm et al., 2006; Watanabe et al., 2008; Xu et al., 2010) . However, the mechanism of cell death under lying MeHg toxicity in NPCs remains unclear. Here, we show that low level exposure to MeHg induces DNA lad 
MATERIALS AND METHODS

Reagents
Cell culture
The culture of NPCs was performed as previous ly described ( Watanabe et al., 2006a) . In brief, telen cephalons were prepared from ICR mice embryos (E14.5) and gently dissociated by pipetting. The dissociated cells, which included neural progenitor cells, were then seeded putrescine, 30 nM sodium selenite, antibiotic antimycotic (5 × 10 4 2 ) after 4 days. One day after passage, Analysis of DNA fragmentation DNA fragmentation was determined by the following method. Cells were washed with PBS, collected by cen at 55°C. DNA was then extracted with buffered phenol standard techniques. DNA precipitates were washed twice DNA was determined by measuring absorbance at 260 mide. Separated DNA fragments (DNA ladders) were vis
Immunoblot analysis
Immunoblot analysis was carried out as previously described (Watanabe et al HCl, pH 7.5, 5 mM EDTA, 5 mM EGTA, 0.5 mM phe sodium pyrophosphate, 2 mM sodium orthovanadate, was centrifuged at 13,000 g for 10 min at 4°C and the supernatant further centrifuged at 75,000 g for 20 min at ylamide gel electrophoresis. The proteins were transferred onto a nitrocellulose membrane which was then treat ed with Blocking Ace (Snow Brand Milk Products Co., Tokyo, Japan) for 1 hr at room temperature. The mem enhanced chemiluminescence detection system (ECL, GE Healthcare, NJ, USA).
Analysis of cell death in the presence of caspase inhibitor
days.
Statistical analysis
Experimental data represent the mean ± standard devi parison test.
RESULTS
MeHg induced DNA fragmentation in NPCs
Our previous report showed that NPCs are highly sen sitive to the toxic effects of MeHg and that exposure to ladder pattern of internucleosomal fragmentation, a char acteristic of apoptosis. DNA laddering appeared in both a play key roles in the regulation of apoptosis; these pro been proposed to regulate apoptosis (Hsu et al., 1997) . Although the caspase proteolytic cascade is a central point in the apoptotic response, its activity is tightly reg protein levels increased in the 24 hr following exposure MeHg toxicity. MeHg for the indicated times, cells were lysed for im munobloting. Immunoblot analysis was performed with hr after incubation of NPCs with MeHg and reached a peak after 12 hr.
Effects of a caspase inhibitor on cell death in NPCs
Fig. 3.
as mean ± S.D. *p < 0.05, **p < 0.005, and ***p < 0.0005 versus the control group, †p < 0.05, and † †p < 48 hr.
DISCUSSION
In the present study, we showed that the mechanism tion was observed following a 4 hr exposure of cells to was not clear compared with that observed in cells
MeHg causes delayed cell death. The ability of MeHg to block cell expansion in numerous types of cells in culture has been attributed to its effect on the inhi bition of cell cycle progression and mitosis (Miura et al., 1978; Ponce et al., 1994; Rodier et al., 1984; Burke et al., 2006) , and its induction of early acute necrosis and delayed apoptosis (Shih et al 2004; Castoldi et al., 2000) . In our previous study, a high alter cell viability following exposure for up to 24 hr. Under the experimental conditions used in our study, this delayed cell death was attributed to apoptosis.
resulted in a gradual activation of caspase3 in the peri addition to the mitochondrial pathway, MeHg toxicity was reported to include the calpain pathway (Tamm et al., may involve caspase3, the overall process is likely to be associated with caspase activation. The present study showed that exposure to low doses of MeHg induced delayed caspase activation and resulted into the effects of antitoxic drugs or supplements, such as antioxidants, which might prevent cell death, particularly in relation to the timing of the treatment. Data from such studies could support our previous findings suggesting that a daily diet that includes antioxidants, such as amino might be useful in protecting fetal brains from MeHg tox icity (Watanabe et al particular, in vivo 
